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57 ABSTRACT

The present invention discloses a method for enhancing
frequency response of a miniature speaker module, a min-
iature speaker module, and an electronic device. The method
for enhancing frequency response of a miniature speaker
module comprises the steps of: additionally providing an
inverted tube in a rear cavity of the miniature speaker
module to form a second driver in the inverted tube when an
active driver works, the second driver and the active driver
radiating jointly; and matching enhancement processing the
input signals of the active driver according to the vibrating
amplitude characteristics of the diaphragm of the active
driver of the miniature speaker module additionally pro-
vided with the inverted tube. In the technical solutions
provided by the present invention, as the frequency response
of the whole miniature speaker module additionally pro-
vided with an inverted tube is enhanced on frequency bands
below FO0, and the signals are further matching enhancement
processed according to the vibrating amplitude characteris-
tics of the active driver, the frequency resource of the
miniature speaker module on the whole frequency bands is
enhanced greatly.

8 Claims, 6 Drawing Sheets
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MINIATURE SPEAKER MODULE, METHOD
FOR ENHANCING FREQUENCY RESPONSE
THEREOF AND ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a U.S. national stage entry of International Patent
Application No. PCT/CN2014/079266, filed on Jun. 5,
2014, which claims priority to Chinese Patent Application
No. 201310583323.3, filed on Nov. 19, 2013, the entire
contents of all of which are fully incorporated herein by
reference.

TECHNICAL FIELD

The invention relates to the field of communication acous-
tics, in particular, to a miniature speaker module, a method
for enhancing the frequency response of the miniature
speaker module and an electronic device.

BACKGROUND ART

At present, in the field of communication acoustics,
especially in the acoustics field of mobile terminal devices
(e.g., mobile phones, PAD, notebook computers, etc.), a
closed rear cavity design is adopted in most of the miniature
moving-coil speaker modules, namely, an acoustically
driven assembly is wrapped by a shell, and the entire rear
cavity of the speaker module is closed. Due to the restriction
from the size of the rear cavity and the volume of the
product, the low frequency resonance point FO of the min-
iature speaker module is high and cannot provide sufficiently
low low-frequency dive. The relevant equalizer (EQ) and
bass boost algorithms are all designed based on this kind of
miniature speaker with a closed cavity. In the frequency
band below F0, due to the restriction from the vibration
amplitude of the existing diaphragm and the size of the
components, the bass boost cannot be realized in an actual
physical sense and the loudness is insufficient.

Moreover, in general, use of boost algorithm in a minia-
ture speaker module will lead to temperature increase of
voice coil and rear cavity when amplitying the amplitude of
electrical signal, bringing potential damage to the reliability
of the speaker component and the system. In the current
closed-cavity design, usually there is only one small sound
leakage port, which is insufficient to dissipate heat. Thus,
heat is generally conducted out via a large metal frame or a
thermally conductive sheet. However, such manner of dis-
sipating heat by metal is harmful to the surrounding circuit
of the device, especially to the antenna design.

SUMMARY OF THE INVENTION

In view of the above problems, the present invention
provides a method for enhancing the frequency response of
miniature speaker modules, a miniature speaker module, and
an electronic device, to overcome the above problem or at
least partially solve the above problem.

The technical solution of the invention for achieving the
above purpose is carried out as follows:

According to one aspect of the invention, a method for
enhancing the frequency response of a miniature speaker
module is provided, the method comprising:

additionally providing an inverted tube in the rear cavity
of the miniature speaker module to form a second driver in
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the inverted tube when an active driver works, the second
driver and the active driver radiating jointly;

wherein, after the inverted tube is additionally provided in
the miniature speaker module, the vibrating amplitude of a
diaphragm of the active driver shows a local dip on fre-
quency bands below a resonant frequency point F0, and the
lowest point of the local dip is corresponding to a frequency
point Fb; and

matching enhancement processing the input signals of the
active driver according to the vibrating amplitude charac-
teristics of the diaphragm of the active driver of the minia-
ture speaker module additionally provided with an inverted
tube.

Alternatively, the miniature speaker module is of a front
porting design, and the second driver formed in the inverted
tube and the active driver radiate independently;

o,

the miniature speaker module is of a side porting design,
and the second driver formed in the inverted tube and the
active driver radiate independently;

o,

the miniature speaker module is of a front porting design,
and the second driver formed in the inverted tube and the
active driver share the front cavity and radiate jointly.

Alternatively, matching enhancement processing the
input signals of the active driver according to the vibrating
amplitude characteristics of the diaphragm of the active
driver of the miniature speaker module additionally pro-
vided with an inverted tube comprises:

filtering out the signals below a first frequency point that
is a frequency point lower than Fb, so as to filter out the
signals having a vibrating amplitude beyond an allowable
range of the diaphragm of the active driver on frequency
bands below Fb;

band-pass filtering and enhancement processing the sig-
nals within a certain frequency band with Fb as a central
frequency point, to achieve low-frequency dive and bass
boost;

notch filtering the signals within a certain frequency band
with FO as a central frequency point, to avoid too large
vibrating amplitude of the diaphragm of the active driver
near F0; and

high-pass filtering and enhancement processing the sig-
nals above a second frequency point higher than FO0 to
further enhance mid and high frequency output using the
characteristics that the diaphragm of the active driver has a
smaller vibrating amplitude in mid and high frequency
bands.

Alternatively, the method further comprises:

adjusting Fb by changing the tube length and diameter of
the inverted tube; and/or adjusting FO by changing the
diaphragm characteristics and voice coil quality of the active
driver; and

adjusting one or more of the following parameters of the
filter in the matching enhancement process: Q value, order,
frequency band attenuation parameter and cutoff frequency,
according to the value of FO and Fb and the characteristics
of the power amplifier and the diaphragm’s amplitude.

According to another aspect of the invention, a miniature
speaker module is provided, the miniature speaker module
comprising: a cavity, and an active driver disposed in the
cavity, an inverted tube and a matching enhancement unit;

the inverted tube is disposed in the rear cavity to form a
second driver in the inverted tube when an active driver
works, the second driver and the active driver radiate jointly;

wherein, after additionally providing the inverted tube in
the miniature speaker module, the amplitude of a diaphragm
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of the active driver shows a local dip on frequency bands
below a resonant frequency point F0, and the lowest point of
the local dip is corresponding to a frequency point Fb; and

the matching enhancement unit is for matching enhance-
ment processing the input signals of the active driver accord-
ing to the vibrating amplitude characteristics of the dia-
phragm of the active driver of the miniature speaker module
additionally provided with the inverted tube.

Alternatively, the miniature speaker module is of a front
porting design, and the second driver formed in the inverted
tube and the active driver radiate independently;

or,

the miniature speaker module is of a side porting design,
and the second driver formed in the inverted tube and the
active driver radiate independently;

or,

the miniature speaker module is of a front porting design,
and the second driver formed in the inverted tube and the
active driver share the front cavity and radiate jointly.

Alternatively, the matching enhancement unit comprises:

a very low frequency (VLF) filtering unit for filtering out
the signals below a first frequency point that is a frequency
point lower than Fb so as to filter out the signals having a
vibrating amplitude beyond an allowable range of the dia-
phragm of the active driver on frequency bands below Fb;

a low frequency enhancement unit for band-pass filtering
and enhancement processing the signal within a certain
frequency band with Fb as a central frequency point, to
achieve low-frequency dive and bass boost;

a low frequency reduction unit for notch filtering the
signals within a certain frequency band with F0 as a central
frequency point, to avoid too large vibrating amplitude of
the diaphragm of the active driver near F0; and

a high frequency enhancement unit for high-pass filtering
and enhancement processing the signals above a second
frequency point higher than F0 to further enhance mid and
high frequency output using the characteristics that the
diaphragm of the active driver has a smaller vibrating
amplitude in mid and high frequency bands.

Alternatively, Fb is adjusted by changing the tube length
and diameter of the inverted tube; and/or F0 is adjusted by
changing the diaphragm property and voice coil quality of
the active driver; and

one or more of the following parameters of the filter in the
matching enhancement process is adjusted: Q value, order,
frequency band attenuation parameter and cutoft frequency,
according to the value of FO and Fb and the characteristics
of the power amplifier of the system and the diaphragm’s
vibrating amplitude.

According to another aspect of the invention, an elec-
tronic device is provided, the electronic device comprising
a miniature speaker as described above.

Alternatively, the electronic device may be a mobile
phone, a tablet, a tablet television or a laptop.

According to the technical solution of the invention, by
additionally providing an inverted tube in the miniature
speaker module, a second driver formed in the inverted tube
and the active driver radiate jointly such that the low
frequency response of the miniature speaker module is
enhanced; after additionally providing the inverted tube in
the miniature speaker module, the amplitude of a diaphragm
of the active driver shows a local dip on frequency bands
below a resonant frequency point F0, and the lowest point of
the local dip is corresponding to a frequency point Fb; and
the input signals of the active driver are matching enhance-
ment processed according to the amplitude characteristics of
the diaphragm of the active driver of the miniature speaker
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module additionally provided with an inverted tube. By
means of this technical solution, due to the matching
enhancement process according to the amplitude character-
istics of the active driver, the frequency response of the
entire frequency bands of the miniature speaker module is
greatly promoted, and meanwhile, the heat in the rear cavity
can be conducted out well by additionally providing an
inverted tube in the miniature speaker module, thereby
effectively improving the system reliability and power cap.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart showing a method for enhancing the
frequency response of a miniature speaker module in an
embodiment of the present invention.

FIG. 2 is a diagram comparing a frequency response curve
where the miniature speaker module of the present invention
does not matching enhancement process the signals input
into the active driver of the miniature speaker with a
frequency response curve of the miniature speaker module
designed with a traditional closed cavity.

FIG. 3 is a diagram comparing an impedance curve where
the miniature speaker module of the present invention does
not matching enhancement process the signals input into the
active driver of the miniature speaker with an impedance
curve of the miniature speaker module designed with a
traditional closed cavity.

FIG. 4 is a diagram comparing a film vibration amplitude
curve where the miniature speaker module of the present
invention does not matching enhancement process the sig-
nals input into the active driver of the miniature speaker with
a film vibration amplitude curve of the miniature speaker
module designed with a traditional closed cavity.

FIG. 5 is a diagram showing a matching enhancement
processing algorithm designed for the vibrating amplitude
characteristics of the miniature speaker module additionally
provided with an inverted tube as shown in FIG. 4.

FIG. 6 is a diagram showing the specific process of the
matching enhancement processing algorithm as designed in
FIG. 5 for the miniature speaker module additionally pro-
vided with an inverted tube, at different frequencies.

FIG. 7 is a diagram showing the specific process of the
matching enhancement processing algorithm as designed in
FIG. 5 and FIG. 6 for the miniature speaker module addi-
tionally provided with an inverted tube, at different frequen-
cies.

FIG. 8 is a diagram showing the first embodiment of the
miniature speaker module of the invention.

FIG. 9 is a block diagram showing the matching enhance-
ment unit comprised in the miniature speaker module of the
invention.

FIG. 10 is a diagram showing the second embodiment of
the miniature speaker module of the invention.

FIG. 11 is a diagram showing the third embodiment of the
miniature speaker module of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

To make the object, technical solution and advantages of
the present invention clearer, the embodiments of the inven-
tion are described in further detail with reference to the
drawings.

FIG. 1 is a flowchart showing a method for enhancing the
frequency response of a miniature speaker module in an
embodiment of the invention. The method of this embodi-
ment comprises:
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S100, additionally providing an inverted tube in the rear
cavity of the miniature speaker module to form a second
driver in the inverted tube when an active driver works, the
second driver and the active driver radiate jointly.

Specifically, by additionally providing an inverted tube in
the rear cavity in the rear of the active driver of the miniature
speaker module, the diaphragm of the active driver squeezes
the air in the rear cavity when the active driver works, and
thus a second driver is formed in the inverted tube. The
second driver and the active driver radiate jointly such that
the low-frequency response of the miniature speaker module
is promoted.

After additionally providing the inverted tube in the
miniature speaker module, the vibrating amplitude of the
diaphragm of the active driver has a local dip in a frequency
band below the resonance frequency point FO, and the
lowest point in the local dip corresponds to the frequency
point Fb.

S200, matching enhancement processing the input signals
of the active driver according to the vibrating amplitude
characteristics of the diaphragm of the active driver of the
miniature speaker module additionally provided with an
inverted tube.

In this embodiment, step S200 specifically comprises
processing the input signals of the active driver as follows:
band-pass filtering and enhancement processing the signals
within a certain frequency band with Fb as a central fre-
quency point, to achieve low-frequency dive and bass boost.

Or, in this embodiment, step S200 specifically comprises
processing the input signals of the active driver as follows:
filtering out the signals below a first frequency point that is
a frequency point lower than Fb, so as to filter out the signals
having an vibrating amplitude beyond an allowable range of
the diaphragm of the active driver on frequency bands below
Fb; band-pass filtering and enhancement processing the
signals within a certain frequency band with Fb as a central
frequency point, to achieve low-frequency dive and bass
boost; notch filtering the signals within a certain frequency
band with F0 as a central frequency point, to avoid too large
vibrating amplitude of the diaphragm of the active driver
near F0; and high-pass filtering and enhancement processing
the signals above a second frequency point higher than FO0,
and further enhancing the mid and high frequency output
using the characteristics that the diaphragm of the active
driver has a smaller vibrating amplitude in mid and high
frequency bands.

In this embodiment, the signals below the first frequency
point are called very low-frequency (VLF) signals, which
refer to that the amplitude of the diaphragm within this
frequency band is larger and exceeds the allowable range of
the diaphragm of the active driver (approximate to/reach/
exceed the amplitude allowed by the diaphragm). Generally,
VLF signals are filtered out using a high-pass filter. The filter
cutoft frequency, i.e., the first frequency point, is determined
by the vibrating amplitude curve of the diaphragm of the
active driver and the property of the diaphragm itself, for
example, the first frequency point can be selected as the
frequency point at which the amplitude curve reaches the
amplitude allowed by the diaphragm.

As for the miniature speaker module to which an inverted
tube is additionally provided by the method as shown in
FIG. 1, the frequency response of the miniature speaker
module is improved in the low frequency below F0 by
additionally providing the inverted tube, and the frequency
response of the entire frequency bands of the miniature
speaker module is greatly improved by further matching
enhancement process. The method shown in FIG. 1 effec-
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tively enhances the frequency response of the miniature
speaker module, provides adequate low frequency dive and
loudness, and can be widely used in micro-electro-acoustic
field, such as mobile phones, tablet PCs, flat panel televi-
sions and laptops.

Preferably, the miniature speaker module is of a front
porting design, the second driver formed in the inverted tube
and the active driver radiate independently (FIG. 8). Or, the
miniature speaker module is of a side porting design, the
second driver formed in the inverted tube and the active
driver radiate independently (FIG. 10). Or, the miniature
speaker module is of a front porting design, and the second
driver formed in the inverted tube and the active driver share
the front cavity and radiate jointly (FIG. 11).

FIG. 2 is a diagram comparing a frequency response curve
where the miniature speaker module of the present invention
does not matching enhancement process the signals input
into the active driver of the miniature speaker with a
frequency response curve of the miniature speaker module
designed with a traditional closed cavity, wherein the hori-
zontal axis is frequency, the solid line is a frequency
response curve where the miniature speaker module of the
present invention does not matching enhancement process
the signals input into the active driver of the miniature
speaker, and the dotted line is a frequency response curve of
the miniature speaker module designed with a traditional
closed cavity. FIG. 2 shows that, the low frequency sensi-
tivity of the miniature speaker module processed by step
S100 (i.e., additionally provided with an inverted tube) is
improved at least by 2 dB in the frequency bands (e.g. 300
Hz to 500 Hz in FIG. 2) below the low-frequency resonant
frequency FO (see FIG. 5, it is about 600 Hz) relative to the
existing miniature speaker module designed with a closed
cavity. That is to say, the low-frequency response of the
miniature speaker module is improved due to the joint
radiation of the second driver formed in the inverted tube
and the active driver.

FIG. 3 is a diagram comparing an impedance curve where
the miniature speaker module of the present invention does
not matching enhancement process the signals input into the
active driver of the miniature speaker with an impedance
curve of the miniature speaker module designed with a
traditional closed cavity, wherein the horizontal axis is
frequency, the solid line is an impedance curve where the
miniature speaker module does not matching enhancement
process the signals input into the active driver of the
miniature speaker in the present invention, and the dotted
line is an impedance curve of the miniature speaker module
designed with a traditional closed cavity. It can be clearly
seen that in the low-frequency band, due to the second driver
formed in the inverted tube, the voice coil vibration ampli-
tude in the low-frequency band is limited, so the impedance
curve has a local low point (in this embodiment, it is around
420 Hz, and the frequency point of 420 Hz is called Fb)
when the miniature speaker module of the present invention
does not matching enhancement process the input signals of
the active driver. FIG. 4 is a diagram comparing a film
vibration amplitude curve where the miniature speaker mod-
ule of the present invention does not matching enhancement
process the signals input into the active driver of the
miniature speaker with a film vibration amplitude curve of
the miniature speaker module designed with a traditional
closed cavity, wherein the horizontal axis is frequency, the
solid line is a film vibration amplitude curve where the
miniature speaker module of the present invention does not
matching enhancement process the signals input into the
active driver of the miniature speaker, and the dotted line is
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a film vibration amplitude curve of the miniature speaker
module designed with a traditional closed cavity. It can be
clearly seen that in the low-frequency band, due to the
second driver formed in the inverted tube, there is a local
lowest point Fb (420 Hz) of the vibrating amplitude in the
low frequency when the miniature speaker module of the
present invention does not matching enhancement process
the signals input into the active driver of the miniature
speaker. Based on such characteristic, a matching enhance-
ment processing algorithm shown in FIG. 5 is designed in
the embodiment of the present invention.

FIG. 5 is a diagram showing a matching enhancement
processing algorithm designed for the vibrating amplitude
characteristics of the miniature speaker module additionally
provided with an inverted tube as shown in FIG. 4. Referring
to FIG. 5, the matching enhancement processing algorithm
is specifically:

S1, filtering out the signals below a first frequency point
(the signals in the low frequency and large vibrating ampli-
tude regions in FIG. 5, i.e., the signals having the frequency
less than 350 Hz), so as to filter out the signals in the
frequency band below Fb, which enable the vibrating ampli-
tude beyond a range allowed by the diaphragm of the active
driver;

The first frequency point is a frequency point lower than
Fb. Here, the signals below the first frequency point are
called very-low-frequency signals, which means that the
vibrating amplitude of the diaphragm is larger in this fre-
quency band and is beyond an allowable range of the
diaphragm of the active driver (approximate to/reach/be-
yond the amplitude allowed by a diaphragm). Very-low-
frequency signals are generally filtered out by a high-pass
filter, and the filter cutoff frequency is determined by the
vibrating amplitude curve of the diaphragm of the active
driver and the property of the diaphragm itself. For example,
if it is assumed that the filter cutoff frequency is a first
frequency point, the frequency point that is below Fb and
allows the vibrating amplitude curve of the active driver of
the miniature speaker module additionally provided with an
inverted tube reach an amplitude allowed by the diaphragm
may be selected as the first frequency point and the filter
cutoft frequency.

S2, band-pass filtering and enhancement processing the
signals (signals within a frequency band including 420 Hz in
FIG. 5) within a certain frequency band with Fb as a central
frequency point, to achieve low-frequency dive and bass
boost.

By making use of the characteristics that the vibrating
amplitude of the diaphragm has dip in Fb region as shown
in FIG. 5, the signals on this frequency band are enhanced,
thereby realizing low-frequency dive and bass boost, and
meanwhile enabling the vibration amplitude of the film to
still maintain within a necessary range (the necessary range
in which the vibration amplitude of the film in this embodi-
ment maintains is determined according to the size of the
elements of the miniature speaker module); wherein, Fb is a
frequency point corresponding to a lowest vibrating ampli-
tude point, in the low frequency below F0, on the vibrating
amplitude curve of the active driver of the miniature speaker
module additionally provided with an inverted tube (in this
embodiment, Fb is at 420 Hz). The above mentioned certain
frequency band with Fb as a central frequency point can be
determined by a preset threshold and the vibrating amplitude
curve of the diaphragm of the active driver of the miniature
speaker module additionally provided with an inverted tube,
e.g., two frequency points allowing the vibrating amplitude
curve of the active driver of the miniature speaker module
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additionally provided with an inverted tube to reach a preset
threshold (the threshold is set as required, for example, the
threshold may be 60% or 70% of the amplitude allowed by
a diaphragm) may be selected as two endpoints of the
frequency band.

S3, notch filtering the signals within a certain frequency
band with F0 as a central frequency point (signals within a
frequency band including 600 Hz in FIG. 5), to avoid too
large vibrating amplitude of the diaphragm of the active
driver near F0.

Since the processing is not suitable for excessive enhance-
ment due to larger vibrating amplitude of the diaphragm near
F0, notch filtering is performed to avoid too large vibrating
amplitude; wherein F0 is a low frequency resonance point of
the miniature speaker module additionally provided with an
inverted tube (in this embodiment, FO is at 600 Hz). The
above certain frequency band with F0 as a central frequency
point can be determined by a preset threshold and the
vibrating amplitude curve of the active driver of the minia-
ture speaker module additionally provided with an inverted
tube. For example, two frequency points allowing the ampli-
tude curve of the active driver of the miniature speaker
module additionally provided with an inverted tube to reach
a preset threshold (the threshold is set as required, for
example, the threshold can be 40% or 60% of the amplitude
allowed by a diaphragm) may be selected as two endpoints
of the frequency band.

S4, high-pass filtering and enhancement processing the
signals (signals in high frequency and small vibrating ampli-
tude regions in FIG. 5, i.e. signals with a frequency above 1
KHz) above a second frequency point higher than F0 to
enhance mid and high frequency response using the char-
acteristics that the diaphragm of the active driver has a
smaller vibrating amplitude in mid and high frequency
bands. Since the vibrating amplitude of a diaphragm is
smaller in high frequency bands, the high frequency signals
are enhancement processed. The second frequency point is
a frequency point higher than F0. It can be seen from the
vibrating amplitude characteristics that, under a frequency
higher than F0, the vibrating amplitude of the diaphragm
decreases with the increase of the frequency. Therefore, the
second frequency point higher than F0 may be selected,
wherein an vibrating amplitude of the diaphragm corre-
sponding to the frequency above the second frequency point
is less than a preset threshold (the threshold can be set as
required, for example, the threshold may be 20% or 30% or
40% of an amplitude allowed by the diaphragm). By high-
pass filtering and enhancement processing the signals having
a frequency higher than the second frequency point, mid and
high frequency response can be enhanced.

Therefore, with the help of the algorithm shown in FIG.
5, the frequency response of the entire system should have
great improvement.

FIG. 6 is a diagram showing the matching enhancement
processing algorithm as designed in FIG. 5 for the miniature
speaker module additionally provided with an inverted tube.
Referring to FIG. 6, the signals input into the active driver
of the miniature speaker module additionally provided with
an inverted tube in the present invention is processed one by
one as follows: filtering out very-low-frequency signals,
enhancement filtering in the frequency bands near Fb, notch
filtering in the frequency bands near F0, and performing
enhanced filtering in a high frequency region. It needs to be
noted that the steps in 4 blocks in FIG. 6 are not limited to
the order currently shown in FIG. 6, and the steps in the 4
blocks may be performed in any order in other embodiments
of the present invention.
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Further, Fb can be adjusted by changing the tube length
and diameter of the inverted tube; and FO can be adjusted by
changing the diaphragm characteristics and voice coil qual-
ity of the active driver. And, according to the value of F0 and
Fb and the characteristics of the power amplifier and the
diaphragm’s vibrating amplitude, one or more of the fol-
lowing parameters of the filter are adjusted in the matching
enhancement process: Q value (quality factor), order, fre-
quency band attenuation parameter and cutoff frequency.

Matching enhancement process and filter amplification in
the present invention can be implemented in many ways.
They may be implemented by software or hardware or may
be implemented by analog or digital signals. But, the core
framework of implementation should conform to FIG. 5 and
FIG. 6, especially the portion of bass boost with Fb as center.

FIG. 7 is a diagram showing the specific process of the
matching enhancement processing algorithm as designed in
FIG. 5 and FIG. 6 for the miniature speaker module addi-
tionally provided with an inverted tube, at different frequen-
cies. Referring to FIG. 7, in this embodiment, the matching
enhancement processing algorithm is specifically:

filtering out signals of the frequencies below a frequency
point F1, to filter out the signals having a vibrating ampli-
tude beyond an allowable range of the diaphragm of the
active driver on frequency bands below Fb, wherein the
frequency point F1 is a frequency point allowing the vibrat-
ing amplitude curve of the active driver of the miniature
speaker module additionally provided with an inverted tube
to reach an amplitude allowed by the diaphragm;

band-pass filtering and enhancement processing the sig-
nals within a certain frequency band with Fb as a central
frequency point; the signals within a certain frequency band
being signals with a frequency band ranging from F2 to F3,
wherein frequency points F2 and F3 are two frequency
points allowing the vibrating amplitude curve of the active
driver of the miniature speaker module additionally pro-
vided with an inverted tube to reach a preset threshold,
respectively;

notch filtering the signals within a certain frequency band
with F0 as a central frequency point, the signals within a
certain frequency band being signals with a frequency band
ranging from F3 to F4, wherein frequency points F3 and F4
are two frequency points allowing the vibrating amplitude
curve of the active driver of the miniature speaker module
additionally provided with an inverted tube to reach a preset
threshold, respectively; and high-pass filtering and enhance-
ment processing the signals having frequency above the
frequency point F4, wherein the vibrating amplitude of the
diaphragm corresponding to the frequency above the fre-
quency point F4 is less than a preset threshold;

wherein, F1<F2<Fb<F3<F0<F4; and

specific values of the frequency points F1, F2, Fb, F3, F0
and F4 are all determined according to specific parameters
of the miniature speaker.

For example, Fb is adjusted by changing the tube length
and diameter of the inverted tube, and F0 is adjusted by
changing the diaphragm characteristics and voice coil qual-
ity of the active driver. The parameters, such as Q value,
order, frequency band attenuation and cutoff frequency of a
filter used, can be determined by a person skilled in the art
according to actual needs and the known parameters (the
performance of an amplifier, the diaphragm of a speaker, the
property of voice coil, etc.) of the miniature speaker module;
meanwhile, upper limits of algorithm complementation are
adjusted by comprehensively taking electrical and mechani-
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cal performances of the system into consideration, to avoid
the damage to a device resulted from excessive drive, which
will not be repeated here.

FIG. 8 is a diagram showing the first embodiment of the
miniature speaker module of the invention. The miniature
speaker module comprises a cavity 10, and an active driver
20 disposed within the cavity 10, an inverted tube 30 and a
matching enhancement unit 40.

The inverted tube 30 is disposed in the rear cavity 11 of
the miniature speaker module. The rear cavity 11 of this
embodiment is a portion of the cavity 10 that is located in the
rear of the active driver 20. An air inlet 32 of the inverted
tube 30 in the present invention is disposed at a position
within the rear cavity 11 in a preset distance to the active
driver 20 to form a second driver in the inverted tube 30
because the diaphragm of the active driver 20 squeezes the
air in the rear cavity 11 when the active driver 20 works. The
second driver and the active driver 20 radiate jointly such
that the low frequency response of the miniature speaker
module is enhanced. The airflow inside the inverted tube 30
can well conduct the heat out from the rear cavity 11, thereby
effectively improving reliability and power cap of the min-
iature speaker module.

The miniature speaker module in this embodiment is of a
front porting design, the second driver formed in the
inverted tube 30 and the active driver 20 radiate indepen-
dently. To be more specific, referring to FIG. 8, in the
miniature speaker module in the first embodiment of the
present invention, the inlet 32 of the inverted tube 30 is
disposed within the rear cavity 11 in a preset distance to the
active driver 20, a sound outlet 31 is disposed at a position
facing the porting direction of the inverted tube 30, and a
sound outlet 21 is disposed at a position facing the porting
direction of the active driver 20. The sound outlet 31 and the
sound outlet 21 are disposed at intervals at the porting side
of the miniature speaker module.

Preferably, the elements of the miniature speaker module
of this embodiment are small in size, especially adaptive for
use in mobile phones, tablet computers and other mobile
devices, so the sound outlet of the inverted tube 30 and the
sound outlet of the active driver 20 in this embodiment are
located at the same side of the miniature speaker module
(i.e., porting side).

The matching enhancement unit 40 is for matching
enhancement processing the input signals of the active
driver 20 according to the vibrating amplitude characteris-
tics of the diaphragm (diaphragm of the active driver 20) of
the miniature speaker module additionally provided with the
inverted tube 30. In this embodiment, the matching enhance-
ment unit 40 is an audio processing chip connected to the
active driver 20, and of course, it may also be an audio
processing circuit integrated in the active driver 20. It needs
to be further described that the matching enhancement unit
40 in the present invention can be implemented in many
ways, and it may be implemented by software or hardware
or may be implemented by analog or digital signals. But, the
core framework of implementation should conform to FIG.
5 and FIG. 6, especially the portion of bass boost with Fb as
center. The characteristics of the matching enhancement unit
40 of the embodiment are determined according to the
specific parameters of the active driver 20. It needs to be
further described that the frame outside the active driver 20
(i.e. the frame outside the horn-shaped icon) in FIG. 8, FIG.
10 and FIG. 11 indicates the position of the active driver 20,
which cannot be understood as that there is a closed frame
outside the active driver 20 or be understood in other ways.
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FIG. 9 is a block diagram showing the matching enhance-
ment unit comprised in the miniature speaker module of the
invention. The matching enhancement unit 40 comprises a
low frequency enhancement unit 42 for band-pass filtering
and enhancement processing the signals within a certain
frequency band with Fb as a central frequency point, to
achieve low-frequency dive and bass boost; wherein Fb is a
frequency that the dip of the diaphragm vibrating amplitude
curve of the miniature speaker module additionally provided
with the inverted tube 30 at low frequencies corresponds to,
lower than a low frequency resonant frequency (see FIG. 4
and FIG. 5). While band-pass filtering and enhancement
processing the signals within a certain frequency band with
Fb as a central frequency point to enhance the low frequency
response of the miniature speaker module, the diaphragm
vibration amplitude can still be maintained in a necessary
range to further enhance the low frequency response of the
miniature speaker module.

Further, the matching enhancement unit 40 further com-
prises a VLF filtering unit 41, a low frequency reduction unit
43, and a high frequency enhancement unit 44.

The VLF filtering unit 41 filters out the signals below a
first frequency point that is a frequency point lower than Fb,
so as to filter out the signals having a vibrating amplitude
beyond an allowable range of the diaphragm of the active
driver on frequency bands below Fb. The low frequency
reduction unit 43 notch filters the signals within a certain
frequency band with FO as a central frequency point, to
avoid too large vibrating amplitude of the diaphragm of the
active driver near F0. The high frequency enhancement unit
44 high-pass filters and enhancement processes the signals
above a second frequency point higher than F0 to further
enhance mid and high frequency output using the charac-
teristics that the diaphragm of the active driver has a smaller
vibrating amplitude in mid and high frequency bands. There-
fore, the miniature speaker module of the present invention
improves the sensitivity of low frequencies by means of the
inverted tube 30, and enhances the frequency response of the
miniature speaker module on the entire frequency bands by
means of the matching enhancement unit 40.

Further, in this embodiment, the VLF filtering unit 41
receives the signals input into the active driver 20 of the
miniature speaker module and transmits the signals, from
which the signals below the first frequency point have been
filtered out, to a low frequency enhancement unit 42. The
low frequency enhancement unit 42 receives signals from
the VLF filtering unit 41 and transmits the signals, in which
the signals within a certain frequency band with Fb as a
central frequency point has been band-pass filtered and
enhancement processed, to the low frequency reduction unit
43. The low frequency reduction unit 43 receives signals
from the low frequency enhancement unit 42 and transmits
the signals, in which the signals within a certain frequency
band with F0 as a central frequency point have been notch
filtered, to the high frequency enhancement unit 44. The
high frequency enhancement unit 44 receives signals from
the low frequency reduction unit 43 and high-pass filters and
enhancement processes the signals above a second fre-
quency point higher than F0, thereby completing the match-
ing enhancement process of the signals input into the active
driver 20 of the miniature speaker module.

However, a person skilled in the art should appreciate that
the signal connection relationship between the VLF filtering
unit 41, the low frequency enhancement unit 42, the low
frequency reduction unit 43 and the high frequency enhance-
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ment unit 44 can be adjusted according to requirement and
is not limited to the connection relationship shown in FIG.
9.

The miniature speaker module shown in FIG. 8, FIG. 10
and FIG. 11 of the present invention can adjust Fb by
changing the tube length and diameter of the inverted tube;
and/or, adjust FO by changing the diaphragm characteristics
and voice coil quality of the active driver; and adjust one or
more of the following parameters of the filter in the match-
ing enhancement process: Q value, order, frequency band
attenuation parameter and cutoff frequency, according to the
value of FO and Fb and the characteristics of the power
amplifier of the system and the diaphragm’s vibrating ampli-
tude.

FIG. 10 is a diagram showing the second embodiment of
the miniature speaker module of the invention. The minia-
ture speaker module of the second embodiment is substan-
tially the same with the miniature speaker module of the first
embodiment shown in FIG. 8. The miniature speaker mod-
ule of the second embodiment is of a side porting design, and
the second driver formed in the inverted tube and the active
driver radiate independently. More specifically, an air inlet
32 of the inverted tube 30 is disposed within the rear cavity
11, a sound outlet 31 is disposed at a position facing the
inverted tube 30, and a sound outlet 21 is disposed at a
position vertical to the porting direction of the active driver
20. By means of the side porting design and the adjacency
of the sound outlet 31 and the sound outlet 21, the lightness
and thinness of elements are promoted.

FIG. 11 is a diagram showing the third embodiment of the
miniature speaker module of the invention. The miniature
speaker module of the third embodiment is substantially the
same with the miniature speaker module of the first embodi-
ment shown in FIG. 8. The miniature speaker module of the
third embodiment is of a front porting design, and the second
driver formed in the inverted tube and the active driver
radiate jointly. More specifically, an air inlet 32 of the
inverted tube 30 is disposed at a position within the rear
cavity 11 in a preset distance to the active driver 20, and a
common sound outlet 21 is disposed at a position facing the
porting direction of the active driver 20. Due to the front
porting design and since the inverted tube 30 and the active
driver 20 share the front cavity, the design of the structure
of the third embodiment is simpler.

The present invention further discloses an electronic
device, comprising the miniature speaker module according
to any one of the foregoing embodiments. The electronic
device of the present invention is a small sized and portable
electronic device. Preferably, the electronic device disclosed
by the present invention is a mobile phone, a tablet com-
puter, a tablet television set or a notebook computer.

The foregoing descriptions merely show preferred
embodiments of the present invention, and are not intended
to limit the protection scope of the present invention. Any
modification, equivalent replacement and improvement
made within the spirit and principle of the present invention
shall fall into the protection scope of the present invention.

The invention claimed is:

1. A method for enhancing the frequency response of a
miniature speaker module, wherein the method comprises
the steps of:

additionally providing an inverted tube in a rear cavity of

the miniature speaker module to form a second driver
in the inverted tube when an active driver works, the
second driver and the active driver radiating jointly;
wherein, after the inverted tube is additionally provided in
the miniature speaker module, at least one vibrating
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amplitude characteristic of a diaphragm of the active
driver shows a local dip on frequency bands below a
resonant frequency point F0, and the lowest point of the
local dip is corresponding to a frequency point Fb; and

matching enhancement processing the input signals of the
active driver according to the at least one vibrating
amplitude characteristic of the diaphragm of the active
driver of the miniature speaker module additionally
provided with the inverted tube;
wherein, the matching enhancement processing the input
signals of the active driver according to the at least one
vibrating amplitude characteristic of the diaphragm of
the active driver of the miniature speaker module
additionally provided with the inverted tube comprises:

filtering out the signals below a first frequency point that
is a frequency point lower than Fb, so as to filter out the
signals having a vibrating amplitude beyond an allow-
able range of the diaphragm of the active driver on
frequency bands below Fb;

band-pass filtering and enhancement processing the sig-

nals within a certain frequency band with Fb as a
central frequency point, to achieve low-frequency dive
and bass boost;

notch filtering the signals within a certain frequency band

with F0 as a central frequency point, to avoid too large
vibrating amplitude of the diaphragm of the active
driver near F0; and

high-pass filtering and enhancement processing the sig-

nals above a second frequency point higher than F0 to
further enhance mid and high frequency output using
the characteristics that the diaphragm of the active
driver has a smaller vibrating amplitude in mid and
high frequency bands.

2. The method according to claim 1, wherein,

the miniature speaker module is of a front porting design,

the second driver formed in the inverted tube and the
active driver radiating independently;

or,

the miniature speaker module is of a side porting design,

the second driver formed in the inverted tube and the
active driver radiating independently;

or,

the miniature speaker module is of a front porting design,

the second driver formed in the inverted tube and the
active driver sharing a front cavity and radiating jointly.

3. The method according to claim 1, wherein the method
further comprises:

adjusting Fb by changing the tube length and diameter of

the inverted tube; and/or adjusting FO by changing the
diaphragm characteristics and voice coil quality of the
active driver;

and adjusting one or more of the following parameters of

the filter in the matching enhancement process: Q
value, order, frequency band attenuation parameter and
cutoff frequency, according to the value of FO and Fb
and the characteristics of the power amplifier and the
diaphragm’s vibrating amplitude.

4. A miniature speaker module, comprising a cavity and
an active driver disposed in the cavity, wherein the miniature
speaker module further comprises an inverted tube and a
matching enhancement unit;

the inverted tube being disposed in a rear cavity to form

a second driver in the inverted tube when an active
driver works, the second driver and the active driver
radiating jointly;
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wherein, after the inverted tube is additionally provided in
the miniature speaker module, at least one vibrating
amplitude characteristic of a diaphragm of the active
driver shows a local dip on frequency bands below a
resonant frequency point F0, and the lowest point of the
local dip is corresponding to a frequency point Fb; and

the matching enhancement unit being for matching
enhancement processing the input signals of the active
driver according to the at least one vibrating amplitude
characteristic of the diaphragm of the active driver of
the miniature speaker module additionally provided
with the inverted tube;

wherein, the matching enhancement unit comprises:

a very low frequency filtering unit for filtering out the
signals below a first frequency point that is a frequency
point lower than Fb so as to filter out the signals having
a vibrating amplitude beyond an allowable range of the
diaphragm of the active driver on frequency bands
below Fb;

a low frequency enhancement unit for band-pass filtering
and enhancement processing the signal within a certain
frequency band with Fb as a central frequency point, to
achieve low-frequency dive and bass boost;

a low frequency reduction unit for notch filtering the
signals within a certain frequency band with F0 as a
central frequency point, to avoid too large vibrating
amplitude of the diaphragm of the active driver near
F0; and

a high frequency enhancement unit for high-pass filtering
and enhancement processing the signals above a second
frequency point higher than F0 to further enhance mid
and high frequency output using the characteristics that
the diaphragm of the active driver has a smaller vibrat-
ing amplitude in mid and high frequency bands.

5. The miniature speaker module according to claim 4,

wherein,

the miniature speaker module is of a front porting design,
the second driver formed in the inverted tube and the
active driver radiating independently;

o,

the miniature speaker module is of a side porting design,
the second driver formed in the inverted tube and the
active driver radiating independently;

o,

the miniature speaker module is of a front porting design,
the second driver formed in the inverted tube and the
active driver sharing a front cavity and radiating jointly.

6. The miniature speaker module according to claim 4,

wherein,
Fb is adjusted by changing the tube length and diameter
of the inverted tube; and/or F0 is adjusted by changing
the diaphragm characteristics and voice coil quality of
the active driver;
and one or more of the following parameters of the filter
in the matching enhancement process: Q value, order,
frequency band attenuation parameter and cutoff fre-
quency, are adjusted according to the value of FO and
Fb and the characteristics of the power amplifier of the
system and the diaphragm’s vibrating amplitude.
7. An electronic device, comprising the miniature speaker
module according to claim 4.

8. The electronic device according to claim 7, wherein the
electronic device is a mobile phone, a tablet computer, a
tablet television or a notebook computer.
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